Whereas the bacteriocin activity of eight strains of Streptococcus mutans was unaffected by growth in the presence of sucrose, such a medium rendered five S. mutans and one S. salivarius indicator strains unsusceptible to the bacteriocins. In contrast, the susceptibility of three S. faecalis and one S. pyogenes strains was unaltered when these indicators were grown in the presence of sucrose. Since the S. mutans and S. salivarius strains produced extracellular polysaccharides from sucrose whereas the S. faecalis and S. pyogenes strains did not, it was concluded that a coating of extracellular polysaccharides rendered normally susceptible organisms unsusceptible to bacteriocin action. This supports previous suggestions that such bacteriocins are not active in vivo and therefore play no role in regulating the microbial ecology in dental plaque.
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The possible role of bacteriocin production in allowing one bacterial strain to inhibit other (closely related) species in any given microecosystem has been debated at length but remains contentious (1) . In the case of dental plaque, there is some evidence that although bacteriocinogenic streptococci are common in this environment such bacteriocins are not active (15) . However, streptococci in dental plaque appear to have similar nutritional requirements (4, 20) and would compete for nutrients on the tooth surface. Bacteriocinogeny could therefore be ecologically advantageous for a strain attempting to invade such a habitat in which related strains may already be established.
Although extracellular glucans may not be responsible for the overall structural integrity of plaque, it appears that these polymers, synthesized almost exclusively from sucrose, are important in plaque formation by the potentially cariogenic Streptococcus mutans. The cells, bound together by specific glucan molecules, are thus able to form a confluent mass which facilitates their accumulation on a tooth surface (10) . The purpose of the present study was to investigate the influence of sucrose, the substrate for the synthesis of these extracellular polysaccharides (EP), on the production of and susceptibility to bacteriocins elaborated by strains of S. mutans. Culture media. Bacteriocinogenic strains of S. mutans were grown overnight in Todd-Hewitt broth (Oxoid), whereas indicator strains were grown for 72 h in a medium containing 1.5% thioglycollate medium (code no. 11726, BBL), 0.5% yeast extract (BBL), 0.6% K2HPO4, 0.6% CH,-COONa.3H20 and either 0.2% glucose or 5% sucrose. In the sucrose-containing broth (TG-sucrose), strains of S. mutans and S. salivarius produce large amounts of EP, whereas in the glucose broth (TG-glucose) they do not (3, 12, 18) . In testing the influence of sucrose on bacteriocin production (Table 1) , the seeding medium for the S. pyogenes indicator strains consisted of equal volumes of brain heart infusion agar (Oxoid) and Todd-Hewitt broth (19) . For the remaining tests, all indicator strains were seeded in TG-sucrose broth containing 0.75% agar (Davis). Brain heart infusion or TGsucrose agar (TG-sucrose broth solidified with 1.5% agar) was used for the growth of producer strains on solid medium.
MATERIALS AND METHODS
To test the effect of dextran upon bacteriocin susceptibility S. mutans strain BHT was grown in 547 TG-sucrose broth containing either 0.1% or 1% dextran (Dextran 20, average molecular weight 20,000; Pharmacia, Uppsala, Sweden). Where appropriate, these amounts of dextran were also incorporated in the TG-sucrose seeding medium (see Table 4 ).
Testing bacteriocin production and suscptibility. Bacteriocin-producing strains of S. mutans were grown on the appropriate solid medium at 37 C under an atmosphere of 95% N,-5% CO2 for 24 h as described previously (19) . Indicator strains were inoculated into the appropriate seeding medium and, after ovemight incubation at 35 C, the zones of inhibition were measured (2).
RESULTS
Bacteriocin production in the presence of sucrose. It is evident from the results presented in Table 1 that growth in the presence of sucrose did not impair bacteriocin production and/or activity among a variety of S. mutans strains.
Bacteriocin susceptibility in the presence of sucrose. When grown in glucose broth, all indicator strains of S. mutans were inhibited by the entire range of S. mutans bacteriocins. On the other hand, growth in the presence of sucrose rendered them unsusceptible (Table 2) . Of the other five streptococcal strains similarly tested as indicators, only the S. salivarius was affected in the same way as the S. mutans, whereas the susceptibility of the S. faecalis strains and the S. pyogenes indicator to the bacteriocins was unaffected ( Table 3) .
The effect of dextran on the susceptibility of S. mutans to bacteriocins. The addition of dextran had no apparent effect on the unsusceptibility of sucrose-grown S. mutans BHT to the bacteriocins (Table 4) .
DISCUSSION
When grown in the presence of sucrose, strains of S. mutans produce large amounts of EP mainly of the glucan and to a lesser extent of the fructan type, whereas glucose-grown organisms produce little or no EP (13, 26) . The glucans, in particular, are important in the ability of these organisms to form dental plaque which in turn explains their cariogenic potential (10) . Various morphological studies of sucrosegrown strains of S. mutans have shown that the organisms are embedded in polysaccharide of at least two distinct types. A globular material is in close association with the cell surface and a fibrillar substance occupies the intercellular spaces (13, 16, 17, 21, 23) .
The present results with sucrose-grown organisms show that the presence of EP does not impair bacteriocin production among a variety of S. mutans strains. On the other hand, a coating of EP renders normally susceptible strains unsusceptible to the action of the same group of bacteriocins. Two of these strains, namely C67-1 and C67-25, are of special interest since the latter is a mutant of the former and was selected for its inability to adhere to hard surfaces. It is identical to the parent strain in other characteristics including its ability to produce soluble extracellular glucan (6) . The adherence of S. mutans appears to be due to the fibrillar type of EP (16), and it would therefore appear that this type of EP does not protect the organisms from bacteriocin action. In support of this view is the fact that dextran, which almost completely inhibits synthesis of the adhesive types of EP (11), failed to relieve the bacteriocin unsusceptibility of sucrosegrown S. mutans BHT. Sucrose-grown S. salivarius was also refractory to bacteriocin action. Like S. mutans, this organism produces large amounts of EP in the presence of sucrose but not glucose (24) . However, in contrast to S. mutans, fructan and little or no dextran are synthesized (5, 22) , indicating that a coating of fructan might also render strains unsusceptible to bacteriocin action.
Unlike either S. mutans or S. salivarius, S. faecalis and S. pyogenes do not produce EP from sucrose (7, 8) . The demonstration that growth of strains of the latter two species in sucrose broth had no effect on their bacteriocin susceptibility strengthens the notion that EP protects cells from bacteriocin action. Admittedly, the evidence that EP itself blocks bacteriocin action is largely circumstantial, and it could, for example, be argued that sucrose induces in the S. mutans and S. salivarius but not S. faecalis or S. pyogenes indicator strains production of a substance that inactivates the bacteriocins. Arguing against such a phenomenon is the fact that one of the S. mutans indicator strains, namely T3, was also one of the producer strains and its bacteriocin activity was unaffected by its growth in the presence of sucrose.
Overall, these findings suggest that in dental plaque, where bacteria are embedded in a matrix consisting largely of EP (23) finding has been a common one in this laboratory (unpublished data) where strains of S. mutans may form a small percentage of the streptococcal flora in plaque samples and yet in vitro may inhibit all other streptococci with which they co-habit in vivo. This is not surprising because bacteriocin production by axenic cultures can be demonstrated only under certain nutritional conditions (19, 25) , and such states may rarely, if ever, occur in a natural ecosystem. In any event, the work presented here supports the view that bacteriocins do not play an influential role in regulating the microbial ecology in dental plaque.
